The gluten content and nutritional adequacy of the diet of a group of adult coeliac patients supposedly following a;gluten-free diet for at least one year were assessed. Results were considered in relation,to the nutritional state of these patients, determined by anthropometric,measurement, and the histological appearance of jejunal biopsies taken at the time of nutritional assessment. Imperfect gluten avoidance, mild malnutrition and mild histological abnormalities on jejunal biopsy were frequent findings. A careful dietary and nutritional assessment when considered in light of histological findings at jejunal biopsy helps to identify the causes of persisting symptoms or malnutrition in treated coeliac patients. A normal jejunal biopsy in a malnourished patient whose dietary compliance is good should prompt a search for an alternative diagnosis.
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Introduction
Although a good clinical response is usually seen after gluten withdrawal in coeliac patients,-there is sometimes evidenceof persisting mild nutritional deficiency. Continued imgestion of small amounts of gluten is often held responsible and, indeed, minor histological abnormalities in jejunal biopsies from treated coehac patients support this view1'2.
We have assessed the composition and nutritional adequacy of the diet, including its gluten content, in a group of coeliac patients supposedly adhering to a gluten-free diet for at least one year. The nutritional state of these patients was determined by anthropometric measurement and by 'estimation of haematological and biochemical indices and trace element concentrations in blood samples. Our findings are considered in light of the histological appearances in jejunal biopsies taken at the time of nutritional assessment.
Patients and methods Eighteen patients (9 men, 9 women) mean age 44 years (range 18-59) who attended the gastroenterology clinic at the Royal Victoria Hospital, Belfast, were studied. All had responded to a written invitation to assist with research studies into the management of coeliac disease which had been posted to approximately 60 coeliac patients on diet for at least one year and who regularly attended the gastroenterology clinic. Informed written consent was obtained from all patients who participated in the study, and the protocol was approved by the Ethical Committee of The Queen's University of Belfast. The diagnosis of coeliac disease in all volunteers was based on the finding of severe villous atrophy on jejunal biopsy at presentation, followed by a good clinical response to gluten withdrawal. The duration of the treatment with a gluten-free diet ranged from 17 months to 15 years.
Details of symptoms were recorded for all patients at the time of reinvestigation. A qualified dietitian made a detailed enquiry into each patient's daily eating habits and subsequent computer analysis allowed the dietary intake to be measured against recommeneded daily allowances3'4 of energy, protein, carbohydrate, fat, iron, calcium and vitamins B1, B2 and C. From the dietary history, it was also possible to evaluate the grade and extent of gluten avoidance ( Table 1) .
Each patient's height and weight were measured and the weight:height ratio was calculated. Triceps skinfold thickness, as a measure of body fat stores, was recorded with Harpenden skin calipers on the non-domninant arm, all readings being taken by the same observer. The mid-arm muscle circumference (AMC), a measure of body muscle mass, was calculated from the mid-arm circumference (AC) and the triceps skinfold thickness (TS) according to the formula: AMC= ACx TS.
Weight4for-height ratios were expressed as a percentage "of standard values5. Mid-arm muscle circumference values and triceps skinfold thick'ness values were expressed as a percentage of standard values6. These measurements are regarded as indicative of mild malnutrition -if <90% of standard values, and moderate malnutirition if <80% of' standard values7. Laboratory investigations included a full blood picture and a serum-block biochemical analysis which estimated calcium, albumin, urea and electrolytes, liver enzymes and glucose.-In addition, serum; glutathione peroxidase (an estimate of selenium status) serum folic acid and B12 and serum copper, magnesium -and zinc levels were measured on fasting blood samples. Estimates of haemoglobin level, and serum calcitum, albumin and folate were compared with pretreatment values 
Results
Thirteen of the 18 patients claimed to be entirely asymptomatic at the time of assessment. Three had occasional mild abdominal cramps and mild diarrhoea, one had constipation and one patient, despite careful gluten avoidance, had relapsed with severe diarrhoea and weight loss.
Seventeen patients completed a full dietary assessment, and 11 were consuming a diet which met or exceeded the recommended daily allowance. Details of nutrient intake in patients with a nutritionally inadequate diet are described in Table 2 . Two patients with an inadequate diet (patients 12 and 14) were deliberately restricting energy intake to achieve ideal body weight, and one patient (No. 2) was adhering to a lactose-free diet in addition to her gluten-free diet ( Table 2) .
Gluten avoidance was judged to be complete (Grade A) in 10 patients, and almost complete (Grade B) in 3 patients. The other 5 patients were consuming considerable amounts of gluten on a regular basis (Grade C + D).
There was a high incidence of abnormal anthropometric measurements in the coeliac patients, and results are detailed in Table 3 . In the 16 patients measured, a result <90% of standard was recorded in 5 for weight:height ratio, in 9 for triceps skinfold thickness and in 10 for mid-arm muscle circumference.
Laboratory investigations showed few abnormalities and most patients fell in the normal range for each of the parameters measured (Table 4 ). Blood haemoglobin levels and serum calcium, albumin and folate were higher than pretreatment levels, although this only reached statistical significance for haemoglobin and folate (paired t test) ( Table 5 ).
Jejunal biopsies, assessed by a consultant histopathologist who had no access to clinical or dietary information, were graded as normal in 6 patients, partial villous atrophy in 10 patients, and subtotal villous atrophy in one patient. Premature firing of the Crosby capsule resulted in a gastric biopsy being obtained from one patient. The nutritional features and dietary history are compared with jejunal histological appearances in Table 3 . 
Discussion
Most coeliac patients respond well to the glutenfree diet and subsequent patient monitoring rarely includes detailed nutritional and dietary assessment. However, the value of such an assessment has been illustrated by the results of our study, since accurate diagnosis of the cause of persisting symptoms, nutritional deficiency or abnormal histology has been made possible. It is interesting to note that 5 of the 6 patients whose jejunal biopsies were completely normal were adhering to a strictly gluten-free diet (Grade A). The sixth patient was consuming fairly large quantities of gluten regularly and her diagnosis as a true coeliac patient must be in doubt. Partial villous atrophy was noted in 10 patients, of whom 7 were found to be consuming some gluten (Grade B to D). This observation has been recorded by other investigators8 and may explain the persistence of occasional gastrointestinal symptoms and some features of nutritional deficiency in many of these patients. Regular review of the coeliac patient's diet by both doctor and dietitian at the gastrointestinal clinic may encourage better compliance with the gluten-free regimen.
One patient, whose dietary adherence was excellent, had a clinical relapse associated with recurrence of subtotal villous atrophy. Investigations in this patient extended to laparotomy to exclude a complicating lymphoma and eventually a good response followed steroid therapy. Similar 'refractory sprue' patients are well documented in the literature, and there remains uncertainty as to their classification as 'gluten enteropathy'9 0 Nutritional assessment identified a number of patients in our study who had 'inappropriate' malnutrition. One of these patients (No. 13) whose diet was adequate and totally gluten-free, and whose jejunal biopsy was normal, was found on further investigation and at laparotomy to have jejunal Crohn's diseasediagnosed 14 years after the initial diagnosis of coeliac disease. Another patient (No. 2), who was considerably underweight, had a totally gluten-free diet, deficient in some nutrients and a normal jejunal biopsy. Symptoms of intermittent diarrhoea prompted further investigation and pancreatic insufficiency was suggested by an abnormal p-aminobenzoic acid (PABA) test result. Pancreatic supplements have produced some weight gain and a reduction in symptoms. Several case reports describe the occurrence of pancreatic insufficiency in association with coeliac disease but, in most of these patients, the coeliac disease has been untreated and the jejunal histological appearance markedly abnormal",2" Anthropometric measurements in individual patients have been shown to be of limited value'3, but in clinical practice they may serve to focus the attention of the physician on the nutritional state of his patients. Our observations highlight the importance of correlating such measurements with a full dietary history, since several patients had an inadequate nutrient intake. Dietary indiscretion with regard to gluten avoidance has been considered by most workers as the commonest cause of persisting ill health8, and yet others have found a poor correlation between the clinical response and jejunal morphology'. We suggest that more detailed analysis of the patient's dietary history, including an assessment of essential nutrient intake, is needed to ensure a complete understanding of the relationship between the clinical response observed and the patient's diet. The finding of a normal jejunal biopsy in a malnourished patient whose dietary intake is adequate and free of gluten should prompt a search for an alternative diagnosis.
Nutritional assessment clearly encompasses much more than the measurement of haemoglobin and blood biochemistry. Yet these parameters often constitute the extent to which the nutritional state of treated coeliac patients is monitored. Our finding of infrequent abnormal laboratory results in patients with other features of nutritional deficiency emphasizes the importance of a more detailed nutritional evaluation.
